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Abstract 

Eighteen  long-range  flights  over  the  Pacific  Ocean  from 38's to 20% and 166% to 90'W were 

made  during the NASA Pacific  Exploratory  Mission  B  (PEM  Tropics  B)  conducted  from  March 

6 to April 18,  1999. Airborne  lidar  systems  were  operated  from  the  NASA  DC-8  aircraft to 

remotely  measure  vertical  profiles  of  ozone (O3), water  vapor  (H20),  aerosols,  and  clouds  from 

near  the  surface to the  upper  troposphere  along  the  aircraft  flight  track,  and in situ measurements 

of 0 3  and Hz0 were  also  made  on  the  DC-8 to complement  the  lidar  remote  measurements.  The 

transition  from  northeasterly  flow of  Northern  Hemispheric (NH) air on the  northern  side of  the 

Intertropical  Convergence  Zone  (ITCZ) to general  easterly  flow  of  Southern  Hemispheric  (SH) 

air south of the  ITCZ  was  accompanied  by  a  significant  decrease  in 0 3  and  aerosols  and  an 

increase in H20. Trajectory  analyses  indicate  that the air  north of the  ITCZ  came  from  Asia 

andor the  United  States,  while  the  air  south of the  ITCZ  had  a  long  residence  time  over  the 

Pacific,  and  it  probably  originated  in  South  America  many  weeks  before.  The  air to the  south  of 

the  South  Pacific  Convergence  Zone  (SPCZ)  came  rapidly  from  the  west  with an origin  in 

Australia or AiEca,  and  it  had  enhanced 0 3  and  aerosols  and  a  decrease in Hz0 associated  with 

it.  Average  latitudinal  and  longitudinal 0 3  and Hz0 distributions  were  constructed  from  the 

remote  and  in situ 0 3  and Hz0 data,  and  these  distributions  are  compared  with  the  results fkom 

PEM  Tropics  A  conducted  in  August-October 1996. Low 0 3  was  found  throughout  the 

troposphere  across  the  entire  Pacific  Basin  at low latitudes  during  PEM  Tropics B. This  was  in 

strong  contrast to the  enhanced 0 3  levels  that  were  found  across  the  central  and  eastern Pacific 

low  latitudes  during  PEM  Tropics A. Nine  air  mass  types  were  identified  for  PEM  Tropics  B 

based  on  their 03, aerosols,  clouds  and  potential  vorticity (PV) characteristics. The data  from 
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each  flight  was  categorized as to the  identified  air  masses,  and  these  results  were  binned  with 

altitude in the  seven  regions.  The NH air  in  the  central  and  eastern  Pacific  had  significantly 

different  properties  than  the  SH air south of the  ITCZ.  The NH was  dominated  by 0 3  enhanced 

air  from  Asia  or  North  America  while  the  SH air between  the  ITCZ  and  SPCZ  was  characterized 

by  reference or background air which  had  relatively  low 0 3  associated  with  it (<30 ppbv).  The 

air south  of  the  SPCZ  was  influenced  by  stratospheric  intrusions  and  by  the  subsequent  mixing 

of this air with  tropospheric air to produce  the  enhanced 0 3  levels  found  in  these  air  masses.  The 

average 0 3  distributions, 0 3  and Hz0 correlations,  and  average air mass  compositions  observed 

over  the  Pacific are discusses  in this paper,  and  they  are  compared to the  results  from  PEM 

Tropics A. 

1. Introduction 

The NASA  Pacific  Exploratory  Mission B (PEM  Tropics B) was  conducted  from 6 March to 

17 April 1999 to investigate  the  chemistry of  the  remote  tropical  Pacific  during  the  early  austral 

fall. This was  the  second  in  the  series  of  NASA  field  experiments  conducted  in  this  region  with 

the first one  conducted  from 30 August to 5 October 1996 (PEM  Tropics  A)  [Hoell  et al., 19991. 

During PEM Tropics B, the  NASA  Langley  airborne U V  DIAL  (Differential  Absorption  Lidar) 

and  LASE  (Lidar  Atmospheric  Sensing  Experiment)  systems  were  both  operated  from  the  NASA 

DC-8  aircraft  in  nadir  and  zenith  modes to simultaneously  measure  vertical  profiles of 0 3 ,  H20, 

aerosols,  and  clouds  from  near  the  sufface to the  upper  troposphere  along  the  aircraft  flight  track. 

In situ measurements of 0 3  and H20 were  also  made  on  the  DC-8  that  augment  the  lidar  remote 

measurements.  The  flight  tracks of the  DC-8  during  PEM  Tropics B are  shown  in  Figure 1. A 
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discussion  of  the  PEM  Tropics  B  science  objectives  and  the  characteristics  of  the  instrumentation 

on  the  DC-8  and  P-3  aircrafl  are  given  in  the  overview  paper  by JacobDavis et  al. [2000]. 

Eighteen  DC-8  flights  were  made  during  the  PEM  Tropics  B  field  experiment  from  bases in 

Hawaii,  Fiji,  Tahiti,  and  Easter  Island.  Local  flights  were per€med from  these  locations,  and 

long-range  survey  flights  were  conducted  between  the  bases  and  on  the  way  from  the  NASA 

Dryden  Flight  Research  Center  at  Edwards  Air  Force  Base,  California,  to  Hawaii  and  on  return 

to  Dryden  from  Easter  Island  with  a  stop  in  Costa  Rica.  Details  of  the  flight  objectives  and  the 

specifics  of  each  flight  are  given  in  the  overview  paper [JacobDavis et  al., 20001. The  survey 

flights  of  the  DC-8  consisted  mainly  of  en  route  ascents  and  descents  with  short,  typically  less 

than 20 minute,  constant  altitude  legs  at  specific  altitudes of interest  identified  using  the  remote 

real-time  lidar  data. This allowed  for  extensive  vertical  sampling  of  the  troposphere  along  the 

flight  track. On local  flights,  the  general  strategy  was  to  survey  the  troposphere  along  the  flight 

track  with  the  lidars,  and  to  'select  the  geographic  region  and  altitudes  of  most  interest  for 

comprehensive  in  situ  sampling. This approach  allowed  for  the  real-time  synergistic  use  of  data 

from  the  various  sensors  on  the  DC-8  to  maximize  the  efficiency  of  the  sampling  strategy. 

This paper  briefly  reviews  the  characteristics  of  the W DIAL  and  LASE  systems,  discusses 

the  results  from  the  PEM  Tropics  B  mission,  and  compares  these  results  with  the  PEM  Tropics  A 

mission  conducted  during  the  biomass  burning  season  over this same  region. 

2. Instrumentation  and  Methodology 

The  current  airborne U V  DIAL. system  has  been  described  in  detail  in  several  recent 

publications  [Richter  et  al.,  1997,  and  Browell  et  al., 19981. In this  system, two 30-& 
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frequency-doubled NdYAG lasers are used to sequentially  pump  two  high-conversion- 

efficiency  tunable  dye  lasers  that are fiequency-doubled into the UV to produce  the  on-line (289 

nm) and  off-line (300 nm) wavelengths  for DIAL 0 3  measurements.  The  residual 1064-nm and 

600-nm beams  from  the  frequency-doubling  process of the Nd:YAG  and dye  lasers,  respectively, 

are  transmitted  along  with  the W DIAL wavelengths.  In  total  there are four  wavelengths (289, 

300,'600, and 1064 nm) transmitted  simultaneously into the  atmosphere  below  and  above  the 

aircraft  for  lidar  measurements  of 0 3 ,  aerosols,  and  clouds  from  near  the  surface to about 3 km 

above  the  tropopause. This system  has  been  used  extensively  in  airborne  investigations  of 

tropospheric  and  stratospheric  processes  over the last  twenty  years  [see  e.g.,  Browell, 1983, 

1989; Browell et al., 19981, including  several  NASA  Global  Tropospheric  Experiments  over  the 

Pacific.  These  included  PEM  West  (Pacific  Exploratory  Mission-West)  field  experiments  in  the 

late  summer  of 1991 (PEM  West  A)  [Browell et al., 1996al and  late  winter of 1994 (PEM  West 

B)  [Fenn  et  al., 19961 and  the  first  PEM  Tropics field experiment  conducted  in  the late summer 

of 1996 [Fenn  et  al., 19991. This system  has an absolute  measurement  accuracy  for 0 3  

measurements of better  than 10% or 2 ppbv (parts per  billion by  volume)  with  a  vertical 

resolution  of 300 m  and an averaging  time of 5 minutes or about 70-km horizontal  resolution  at 

DC-8 ground  speeds  and  a  measurement  precision  of 5% or 1 ppbv  [Browell, 1983; Browell  et 

al., 1983,  19851. Intercomparisons  between in situ  and W DIAL 0 3  measurements are made 

throughout  the  course of a field experiment to insure  the  accuracy of  the  measurements is being 

maintained  [see  e.g.,  Fenn  et d., 19991. 

The LASE  system  was  initially  designed  for  and  operated  from  the  NASA  high-altitude ER-2 

aircraft [Browell  and  Ismail, 1995; Moore  et  al., 1997; Browell et al., 19971. This system  uses  a 

Ti:sapphire  laser  that is pumped  by  a  double-pulsed,  frequency-doubled  Nd:YAG to produce 
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laser  pulses  in  the  815-nm  absorption  band  of H20. The  wavelength of the  Ti:sapphire  laser  is 

controlled  by  injection  seeding  with  a  diode  laser  that  is  frequency  locked to a H20 line  using  an 

absorption  cell,  and  each  pulse  pair  consists  of  an  on-line  and  off-line  wavelength  for  the Hz0 

DIAL  measurements.  The  LASE  system  was  operated for the  first  time  from  the NASA  DC-8 in 

the 1998  Convection  and  Moisture  Experiment  (CAMEX-3)  [Ferrare et al.,  1999;  Browell  et  al., 

20001, and  during this experiment,  LASE  was  configured to simultaneously  measure H20, 

aerosol,  and  clouds  below  and  above  the  DC-8  using  a  back-to-back  transmitter-receiver 

arrangement  similar to that  used for the UV DIAL  system. This enabled LASE  measurements to 

be  made  from  near  the  surface  into  the  upper  troposphere. 

The  accuracy  of  the  LASE Hz0 profile  measurements  was  shown to be  better  than  6% or 

0.01 gkg, whichever  is  greater,  in  a  major  validation  experiment  conducted in 1995  involving 

two other  aircraft  (C-130  and  Lear jet) instrumented  with  several  in situ H20 sensors on each  and 

one  with  a H20 DIAL  system;  radiosonde  balloons;  and  a  ground-based Raman lidar  [Browell  et 

al., 19971.  Additional  intercomparisons  were  conducted  during  the  TARFOX  (Tropospheric 

Aerosol  Radiative  Forcing  Experiment)  field  experiment  conducted in 1996  [Ferrare  et  al., 

2000a,b].  Once  the  LASE  system  was  configured for operation  from  the  DC-8 in the 

simultaneous  nadir  and  zenith  mode of operation,  additional  comparisons  were  made  with  other 

sensors to insure  the  accuracy of the Hz0 measurements.  Ferrare  et  al. [ 19991  and  Browell et al. 

[2000]  discuss  these  intercomparisons  in  the  context  of  the CAMEX-3  (Convection  And 

Moisture  Experiment-3)  field  experiment  conducted  in  1998 to study  hurricane  characteristics 

with  a  large  ensemble  of  airborne  instruments.  The  results  were  consistent  with  the  initial LASE 

validation  experiments. 
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An example of comparisons  between LASE nadir  and  zenith Hz0 profile  measurements  and 

the  in  situ H20 measurements  from  three  different Hz0 sensors  on  the DC-8 and  a  locally 

launched  radiosonde is shown  in  Plate 1. The  sampling  between  the  various  sensors  is  very 

different,  and  yet  there is good  agreement  between  most  of  the  measurements  with  the  chilled 

hygrometer  having  the  greatest  disagreement at H20 levels  below 2 gkg, where  it is expected to 

be  the  least  accurate.  The  radiosonde  launched  from  Tahiti  generally  agrees  with  the  other 

measurements  with  the  largest  deviation  in  the  mid  troposphere  of -0.15 gkg. The  cryogenic 

and  diode  laser  hygrometer  measurements  were  smoothed to the Same 500 m  vertical  resolution 

of the LASE measurements,  and  they  showed  excellent  agreement with each  other  and  with  the 

LASE measurements. This Mer demonstrates  the  measurement  capability  of  the LASE across 

a  wide  range of Hz0 concentrations. 

Since  the W DIAL remote 0 3  profiles start about 750 m  above  and  below  the  aircraft,  the 

ozone  distribution  across this region is estimated  by  interpolating  between the nadir  and  zenith 

W DIAL measurements  with  the in situ 0 3  measurement  used to constrain  the  interpolation  in 

the  middle.  Ozone  distributions  were  also  extrapolated  from  the  lowest W DIAL, measurement 

altitude  (usually  below 1 km) to the  surface  using  the  gradient  in  ozone  concentrations 

determined  from  the  in  situ  measurements.  These  techniques  were  previously  discussed  for  the 

W DIAL O3 distributions in the PEM Tropics A field  experiment  [Fenn et al. [ 19991.  An 

example of the  resulting 0 3  distribution  is  shown  in  Plate 2 for  the  flight  from NASA Dryden to 

Hawaii  (Flight 5). The  aerosol  scattering ratio distribution  derived  fiom  the W DIAL 

measurements on the  same  flight  is  also  shown in Plate 2. The  aerosol  scattering ratio is the ratio 

of  the  amount of backscattered  laser  light  from  aerosols  alone to the  amount of backscattered 

laser  light  that  would  be  expected  from  a  clean  (aerosol  free)  molecular  atmosphere.  The  relative 
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IR (1064 nm) lidar  backscatter  distribution,  which  represents  scattering  from  aerosols  and 

molecules,  is  normalized to a  region  that  is  estimated  to  be  clean  (molecular  scattering  only),  and 

this  results  in  the  total  atmospheric  scattering  ratio.  In this calculation,  the  relative  molecular 

backscattering  distribution is determined  from  the  remote  atmospheric  pressure  and  temperature 

measurements  of  the JPL Microwave  Temperature  Profiler  (MTP)  along  the  flight  track  or  from 

a  meteorological  analysis  if  the  MTP  data  are  not  available.  The  aerosol  scattering  ratio  is  then 

just the  total  atmospheric  scattering  ratio  minus  one.  Note  that  there  is  no  attempt  to  correct  for 

aerosol  and  cloud  attenuation  in  these  distributions. 

Ten-day  back  trajectories  for air parcels  at 500 mb  along  the  flight  track  are  also  shown  in 

Plat 2. These  back  trajectories  were  conducted  using  the  Florida  State  University  (FSU) 

kinematic  back  trajectory  model.  Air  parcels  along  the  flight  track  are  selected  at  specific 

pressure  altitudes,  and  these  air  parcels  are  followed  back to their  origin  ten  days  earlier  (unless 

the  trajectory  terminates  early  at  the  surface).  The  consistency  of  the  trajectories  can  be  tested 

by  using  an  ensemble  of  air  parcels. This is  discussed in detail  by  Fuelberg  et a1 [2000]. The 

back  trajectories  shown  in this paper  are  used  to  represent  the  general  air  mass  characteristics 

that  are  represented  by  the  source  region  of  the  air. 

3. Results and Discussion 

3.1 Air Masses Observed Over Pacific 

A  major air mass  transition  was  observed  on  the  survey  flight from California  to  Hawaii  on  6 

March 1999 (Flight 5). Plate 2 shows  the 0 3  and  aerosol  distributions  observed  along  the  flight 

track  and  the  ten-day  back  trajectories  ending  at  the 500 mb  level  along  the  flight  track.  The air 
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off the  coast  of  California  had  significant  levels  of O3 and  enhanced  aerosol  loading  across  the 

entire  troposphere,  and  this  situation  gradually  changed  on  the  southwest  flight  leg  to  where  the 

enhanced  aerosol  loading  was  no  longer  present  and  where 0 3  levels  in  the  low 20 ppbv  level 

were  observed  near  the  surface.  Cirrus  clouds  were  seen  with  tops to as  high as 12 km which 

was just under  the  tropopause.  A  stratospheric  intrusion  was  observed  on  the  west-bound  leg 

with  ozone  values  over 60 ppbv  extending  down to 8 km at 20%. This intrusion  modified  the 0 3  

levels  in  the  mid  troposphere  while  the  levels  below 2 km were  in  the 20-40 ppbv  range.  The 

ten-day  back  trajectory  analysis  for air parcels  with  end  points  at 500 mb  shows  that  the origin of 

the air closest to the  California  coast  probably  came  from  Asia.  Along  the  track  the  origin  of  the 

air  changed to coming  from  the  southwest  and  then  the  west  with  less  aerosols  and 0 3  associated 

with  it. This was  a  clear  transition  from  a  continental  source  to  more  of  a  marine  background 

condition  with  the  additional  influence  of  the  stratospheric  intrusion. 

There  was  a  large  contrast  found  in  the  characteristics  of air masses in the  northern 

hemispherew) and  southern  hemisphere (SH). As  described  by  Fuelberg  et  al. [2000], the 

convergence  of NH air and SH air at  low  altitudes  occurs  in  a  region  called  the  Intertropical 

Convergence  Zone  (ITCZ),  and  at  the  time  of  PEM  Tropics B, the  ITCZ is located  north  of  the 

equator  between  about 3-10%. Plate 3 shows  the 0 3 ,  H20,  and  aerosol  distributions  across  the 

ITCZ  on  the  flight  from  Hawaii  to  Fiji on 17- 18 March 1999 (Flight 9). The transition  from NH 

air  to SH air can  be  seen in the  abrupt  decrease  in O3 levels  from 20-30 ppbv  near  the  surface  and 

40-60  ppbv  in  the  mid  troposphere to less  than 10 ppbv  near  the  surface  and 20-40 ppbv  in  the 

free  troposphere. This decrease  in O3 was  anticorrelated  with  the  change  in H20 which  generally 

increased  everywhere  below  about 7 km. A  convective  outflow  from  upwind  cloud  activity  can 

be  readily  seen  in  the Hz0 data  between 2130 and 2230 UT at  an  altitude  of 6.5 km. The  depth 
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of  the  marine  boundary  layer  also  increased  into  the SH air.  There  is  some  evidence  for  there 

being  a  slight  enhancement  in  aerosols  in  the NH air (see  aerosol  layer  at -4 km near  2130  UT). 

Cirrus  clouds  can  be  seen  under  the  tropopause,  and  the  height  of  the  tropopause  increased  along 

the  flight  track  from  -13 km in  the NH to over  15 km south  of  the  equator.  A  series of 

trajectories  at  three  end  point  pressure  levels (850,500,200 mb)  are  given  in  Plate 4 along this 

flight  track.  In  the  middle  and  lower  troposphere  north  of  about 10% , the  flow  of  the NH air 

was  predominantly  from  Asia,  while  the  flow  to  the  south  was  entirely  easterly  near  the  surface 

and  variable  in  the  mid  troposphere  with  light winds a  long  residence  times  over  the  Pacific. In 

the NH upper  troposphere  the  flow  was  organized  with  a  strong  flow  from  the  west,  while  the SH 

flow  was  light  and  without organization. This is  reflected in the  vertical  homogeneity  of  the SH 

air  with  low 0 3  and  elevated Hz0 throughout  the  troposphere. 

The  second  major  transition  between air masses  occurs  across  the  South  Pacific  Convergence 

Zone  (SPCZ)  [Fuelberg  et  al.,  20001.  The  atmospheric  cross  sections  from  the  Fiji  local  flight  on 

20  March  1999  (Flight  10)  show  the  differences  across  this  region  (Plate 5). The  flight  initially 

starts out  south  of  the  SPCZ  and  crosses  the  SPCZ  twice  at  about 0000 and 0350 UT. Ozone 

decreased  by  over  a  factor  of  two from south  to  north  of  the  SPCZ,  and Hz0 was  again 

anticorrelated  with 0 3 .  Thin cirrus  clouds  were  ubiquitous to the  north of the  SPCZ,  and  there is 

an  indication  of  a  change  in  boundary  layer  aerosol  scattering  characteristics  in this region. 

Relative  humidity (RH) was  calculated  from  the  LASE H20 and MTP  temperature 

measurements,  and  the  change  in RH across  the  SPCZ is much  greater  than  the H20 change. 

The  large RH levels  throughout  the  troposphere  correlates  with  the  low 0 3  across  the  region,  and 

modeling  studies  have  shown  [Crawford  et al.,  20001  that 0 3  loss  is  expected  to  dominate  at  all 

altitudes  under  these  conditions.  The  back  trajectory  analysis  for this case  is  shown  in  Plate 6. 
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North  of  about 20's the  air  masses  are  generally  coming  from  the  east  at  all  altitudes  with  long 

residence  times  over  the  Pacific.  South  of 2OoS, the  air is mainly  from  the  west  with  light winds 

at  the  surface  and  stronger winds out  of  the  west  at  higher  altitudes. This change  in  nature  of  the 

air  masses  across  the  SPCZ  results  in  a  marked  difference  in  the  chemistry  and  meteorological 

parameters  associated  with  each  region. This is very  similar  to  the  change  in  conditions  across 

the  ITCZ  with  the air south  of  the  SPCZ  having  more  of  a  continental  influence  than  the  tropical 

Pacific air north  of  the  SPCZ.  An  additional  example  of  the  transition  across  the  SPCZ  was 

obtained  on 3 1 March  on  a  local  flight  from  Tahiti  (Flight 14). The H20 and 0 3  distributions 

observed  across  the  SPCZ  are  shown  in  Plate 7. The  dryer air with  enhanced 0 3  to  the  south  of 

the  SPCZ  can  be  seen  in  contrast to the  more  moist  air  with  lower 0 3  to the  north  of this 

convergence  region.  The  increase  in Hz0 was  nearly  an  order of magnitude  near  the  surface 

while 0 3  decreased  more  than  a  factor  of  three  below 6 km. This further indicates  the  degree  of 

difference  that  can  exist  in  the  chemistry  and  composition  of  the two air  masses. 

Another  factor  that  contributes to determining  the  composition  of  the  southern  mid  latitude 

air comes  from  stratospheric  intrusions.  The  clearest  example  of this was  found  on  10- 1 1 April 

1999 on  a  local  flight  southwest  of  Tahiti  (Flight 18). The 0 3 ,  H20, RH, and  aerosol/cloud 

observation on that  entire  flight  are  presented  in  Plate 8. Also shown  on  each  color  plot  are  the 

isopleths  of  potential  vorticity  (PV)  derived  from  ECMWF  (European  Center  for  Medium-range 

Weather  Forecasting)  analyses  along  the  flight  track.  The  PV  analyses  agree  well  with  the 

general 0 3  features  observed  in  the  intrusion  even  though  the  PV  analyses  do  not  have  the  spatial 

resolution  of  the  lidar data. The PV  analyses  indicate  that  there  should  be  enhancements  of 8-16 

ppbv  in 0 3  from  the  stratosphere  even  down to near  the  surface  assuming  a  relative  factor  of 

about 4 ppbv/PV  units  in  the  lower  stratosphere,  and  there is some  indication  that  the 0 3  
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distribution  in  the  lower  troposphere  is  enhanced  by  the  intrusion to varying  degrees. This is  not 

to  ascribe  all  of  the  variation  to this or  another  up  wind  intrusion,  however,  there is reason  to 

attribute  some of the 0 3  enhancement to a  stratospheric  source. We will  address  this  later  in  this 

paper.  The  cirrus  clouds  are  on  the  equatorward  side of the  intrusion,  and  their  tops  go  up to the 

local  tropopause  altitude.  The H20 distribution  shows  a  more  moist  troposphere  on  the  north 

side  of  the  intrusion  and  a  generally  drier  atmosphere  near  the  intrusion.  The RH distribution 

shows  the  location  of  the  intrusion  even  better  than  the Hz0 distribution.  The  low RH conditions 

(<lo%) associated  with  the  intrusion is much  lower  than  the  moderate (>40%) to high (>70%) 

RH levels  seen  outside  the  intrusion  with  high RH levels  even  near  the  tropopause  in  vicinity of 

the  cirrus  clouds. 

The  final  flight  of  PEM  Tropic B fiom  Costa  Rica to California  provided  an  opportunity  to 

observe  a  range  of  air  mass  characteristics  from  a  clean  tropical  marine  air  mass to a  continental 

air  mass  with  a  combination  of  aerosol  and  pollution  sources.  Plate  9  shows  the 0 3 ,  aerosol, 

H20, and RH distributions  for  Flight  22  on  18  April  1999.  South  of  about  13%,  the  distribution 

of  these  parameters  showed  a  tropical  marine  environment  which  is  very  moist,  with  low 0 3  in 

the  boundary  layer  and  lower  troposphere,  and  low  aerosol  loading  in  the  free  troposphere. 

There  is  a  transition  in  atmospheric  conditions  in  the  mid  and  lower  troposphere  between  13  and 

22%.  Ozone  generally  increases  along this leg  north  of  13%,  and  the  aerosol  loading  also 

increases  up to a  depth of 10 km near  34%. The H20 gradually  decreases  across this region,  and 

the RH shows  the  greatest  change  going  fiom  near  saturation  conditions in the  tropical  marine  air 

to  very dry conditions (40%) in  the  air  which  has  considerable  aerosol  loading  in  it.  Cirrus 

clouds  were  observed  on  the  middle  of this flight  with  bases as low as 10 km and  tops as high as 

15 km. Plate 10 shows  a  vertically  expanded  view  of  the  aerosol  scattering  ratio,  aerosol 
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depolarization,  and RH distributions  on  the  northern  end  of this flight.  The  aerosol 

depolarization  at 578 nm was  measured  using  simultaneous  detection  of  the  parallel  and 

perpendicular  components  backscattered  from  the  atmosphere,  and  the  total  depolarization  ratio 

is the  ratio of  the  perpendicular  to  parallel  lidar  returns. The aerosol  depolarization  contribution 

to  the  total  atmospheric  depolarization,  which  includes  both  the  depolarization fkom aerosols  and 

molecules (-1.5% from  molecules  alone),  is  estimated  using  the  aerosol  scattering  ratio  at this 

wavelength.  The air with  the  heavy  aerosol  loading  and  the  very  low RH values,  starting  near 

the  surface  near 22% and  extending  up to about 4 km near 30%, exhibits  aerosol  depolarization 

levels  above 25% with  some  exceeding 40%. The  wavelength  dependence  of  lidar 

backscattering  between 578 and 1064 nm was  found  to  be  very  low ( < O S ) .  These  two  factors 

indicate  that  the  aerosols  in  this  region  are  probably  large  desert  aerosols.  Because of their  size 

and  concentration,  this  was  thought to come  fkom a  continental  source  within  a  few  days  upwind. 

Ten-day  back  trajectories  at  three  level  are shown in  Plate 1 1  for  this  flight.  The  low  altitude 

trajectories  at 850 mb  show  that  at  the  southern  end  of  the  flight  leg  the  air  came  across  Central 

America  from  the  tropical  Atlantic  Ocean  while  the air in  the  transition  region  came  from  the 

Caribbean.  North  of  about 24%, the  air  came  south  along  a  long  fetch  across  the  desert  regions 

of  southwestern U.S. and  northwestern  Mexico.  At 500 mb  the  source  of  the  air  was  similar to 

that  at  lower  altitudes  along  the  flight  track  to 17% where  the  air  flow  changed  direction  and  the 

air  then  came  from  the  tropical  Pacific.  North  of 28.5%, the  flow  was  strong  from  the  west  with 

a  source  from  somewhere  over  Asia.  The  upper  altitude  flow  was  similar  to  that  at 500 mb,  but 

the  flow  on  the  southern  end  of  the  leg  was  now  more  from  the  tropical  Pacific.  This  is  an 

excellent  example  of  how  extreme  variations  in  air  mass  sources  contribute to determining  the 

composition  and  chemistry  of  the  atmosphere  along  a  cross  section  of  the  atmosphere.  The 
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following  sections  discuss  the  average  composition  and  general  air  mass  characteristics  of  the 

atmosphere  investigated  during  PEM  Tropics B. 

3.2 Average  Ozone and Water  Vapor Distributions and  Correlations 

Average  latitudinal  and  longitudinal 0 3  cross sections  were  produced  fiom  average 0 3  cross 

sections  fi-om  each  flight  which  included  the  interpolation  and  extrapolation  of  the 0 3  profiles 

constrained  by  the  in  situ  measurements  and  the  averaging  of  the  data to produce  a  single 0 3  

profile  in  a  0.25'-latitude  or  0.50°-longitude  bin  for  each  flight.  The  individual flights  were 

weighted  equally  in  determining  the  average 0 3  profile  for  each  bin  [Browell  et al., 1996bl. 

Plate  12  shows  the  average  latitudinal  and  longitudinal 0 3  cross section  obtained  for  PEM  Tropic 

A  and B. The ranges of the  averages  were  chosen to obtain a  latitudinal  cross  section 

representative  of  the  central  Pacific (170'W to 120'W) and  a  longitudinal cross section 

representative  of  the  southern  tropical  Pacific (30's to OON). 

The  differences  in  the  large-scale 0 3  distribution  between  PEM  Tropics  A  and B is clearly 

evident  in  Plate 12. The  extensive  burning  in Afica, South  America,  and  many  other  regions 

during  the  austral  winter  contribute to the  increased  photochemical 0 3  production  that  was 

observed  downwind  over  the  remote  central  Pacific  during  PEM  Tropics  A  [Talbot  et  al.,  1999; 

Schultz  et  al.,  1999;  Fuelberg  et  al.,  1999;  Fenn  et  al.,  1999;  Singh  et  al.,  20001. In PEM  Tropics 

A  the  SPCZ  was  closer to the  ITCZ  and  it  did  not  extend  as  far  southeast as it  did  in  PEM 

Tropics B, and as a  result this allowed  for  more  of  a  westerly  flow of biomass  burning  products 

and  enhanced 0 3  across  the  Pacific.  The  enhanced 0 3  fiom  biomass  burning  can  be  seen 

throughout  the  troposphere  to  the  south of lo's, and this extends  to  the  north  to  nearly  the  ITCZ 
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at  about 9%. Enhanced 0 3  levels  in  the NH air  to  the  north  of  the  ITCZ  can  be  seen  in  the 

figure.  The  region  of  very  low O3 (<20 ppbv)  was  from 6’s to 18% near  the  surface,  and  low 0 3  

was  also  found  in  the  upper  troposphere  due  to  convection  principally  coming  from  the  ITCZ. 

The  longitudinal 0 3  distribution  during  PEM  Tropics A shows  the  general  transport  of  the 

biomass  burning  plumes to low latitudes  in  the  central  Pacific  while  the  region of very  low 0 3  

was  the  most  extensive  in  the  western  Pacific.  Transport  of  biomass  burning  plumes  across  the 

Pacific  in  the  westerlies is also  indicated  in  the  enhanced 0 3  distribution  in  the  mid  troposphere 

in  the  eastern  Pacific. 

The  latitudinal 0 3  distribution  from  PEM  Tropics B clearly  shows  the  average  location  of  the 

ITCZ  and  SPCZ  across  the  central  Pacific.  The  enhanced 0 3  throughout  the  troposphere  in  the 

NH air north  of  the  ITCZ  at  about 12% is  in  contrast  to  the  low 0 3  throughout  the  troposphere  in 

the SH air from  there to the  SPCZ  at  about 22’s. The air to the  south  of  the  SPCZ  was  enhanced 

in 0 3  from  continental  sources  and  stratospheric  intrusions.  The  longitudinal  distribution  shows 

the  largest  region  of  very  low O3 in  the  western  Pacific,  but  unlike  PEM  Tropics A, the  very  low 

0 3  region  extended  across  the  entire  Pacific  at  low  altitudes.  Ozone  was  low (<30 ppbv)  across 

the  entire  region  from  the  surface to the  tropopause  which  decreased  in  altitude  to  the  east  from 

15 to 12 km. 

The  average  latitudinal  and  longitudinal Hz0 distributions  were  constructed  from  the  remote 

LASE  measurements  using  the  same  techniques as was  used  for  the 0 3  distributions.  The Hz0 

distributions  for  PEM  Tropics B are  shown in Plate 13. The  change  in H20 across  the  ITCZ  at 

about 12% can  be  seen  in  the  decrease  in  altitude  of  the 1 gkg level  from  about 7 to 4 km. 

Water  vapor  levels  in  the  marine  boundary  layer  were  significantly  lower  north  of  the  ITCZ. 

The  SPCZ  is  much  more  difficult  to  see in the  average H20 distribution,  but  the  transition  covers 
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the  region  from  18  to  24's.  The  change  in H20 to  the  east  across  the  Pacific  shows  a  general 

drying  of  the  troposphere  at  all  altitudes  with  the  largest  changes  being  below 4 km. 

Composite  average  profiles  for Hz0 and 0 3  were  calculated  for  the NH air  north  of 15%, the 

SH tropical  Pacific air between  10%  and  20°S,  and  the SH subtropical  air  south of 25OS, and 

they  are  presented  in  Plate 14. The  average  value,  the _+20 standard  error  of  the  average,  and  the 

- + l a  standard  deviation  of  the  measurements  are  shown  in  each  altitude  interval.  The Hz0 is 

considerably  higher  in  the SH tropical  Pacific,  particularly  in  the  mid to upper  troposphere. 

There is no  statistical  difference  in  our  observed H20 profiles  for  the NH air and SH subtropical 

air  above 2 km. Near  the  surface  the SH subtropical air appears to be  slightly  drier  than  the NH 

air.  The 0 3  profile  for  the SH tropical  Pacific  was  lower  than  the  other two regions  at  all 

altitudes. This profile  starts  at  12  ppbv  near  1 km and  does  not  exceed 28 ppbv  until  above  11 

km. The SH subtropical 0 3  profile is less  than  10  ppbv  greater  than  the SH tropical  Pacific 0 3  

profile  up  to  about  8 km where  the  lower  tropopause  and  stratospheric  intrusions  make  a 

significant  contribution  at  higher  southerly  latitudes.  The NH 0 3  profile  shows  a  more 

significant 0 3  enhancement  throughout  the  mid  to  lower  troposphere  than  either  of  the  other 

profiles,  and this difference  was  maintained  compared  to  the SH tropical  Pacific  profile to above 

11 km. 

The H20 to 0 3  correlations  were  examined  to  better quantfi the  differences  in  the  three 

regions,  and  these  results  are  shown  in  Plate  15.  There  was  not  a  statistical  difference  between 

the H20 to 0 3  correlations  at H20 levels  greater  than 1 g/kg  which is predominantly  from  air 

below 5 km in  the SH subtropics  and  below 7.5 km in the SH tropical  Pacific.  Above  these 

altitudes,  the  correlation  changed  in  the  upper  troposphere  of  the SH subtropics  as this air 

became  associated  with  more air with  stratospheric  influences.  The H20 to 0 3  correlation  was 
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distinctly  different  for  the NH air  which  was  driven  by  the  very  different  air  mass  origins. This 

was  true  for  all H20 levels  greater  than  0.1  g/kg  compared to SH tropical  Pacific  and  greater  than 

1 gkg compared  to SH subtropics.  From  these  results  it  appears  that  there is a  clear  delineation 

between  the SH and NH air masses  with  respect to H20 and 0 3 ,  but  the  distinction  between  the 

SH subtropical air south  of  the  SPCZ  and  the SH tropical  Pacific  air  is  more  difficult to make  on 

average  possibly  due to the  limited  sampling  of  air in the  former  category  or  the  variability  in  the 

location  or  strength in the  SPCZ. 

3.3 Air Mass Characterization 

A  general  categorization  of  the air masses  observed  during  PEM  Tropics B was  done by 

using  a  variation  of  the  principal  component  analysis  on  the 0 3  and  aerosol  distributions 

measured  with  the U V  DIAL system  and  the  potential  vorticity  (PV)  information  along  our  flight 

track  derived  from  meteorological  analyses  from  the  European  Center  for  Medium-range 

Forecasting  (ECMWF). This approach  was  first  used  by  Browell  et  al. [ 1996bl  in  an  analysis  of 

the air mass  types  over  the  tropical  Atlantic  Ocean  during  TRACE  A,  and  it  was  recently  used  in 

the  analysis  of  the  PEM  Tropics  A  air  mass types [Fenn  et  al.,  19991.  Since  the  background  or 

reference  air in the SH tropical  Pacific  during  PEM  Tropics B was so much  different  fiom  what 

was  present  during  PEM  Tropics  A,  a  different  reference 0 3  profile  needed  to  by  chosen as a 

discriminator.  A  reference 0 3  profile  was  selected to be  an  approximation  of  the  average  in  situ 

0 3  profile  obtained  between 10"s and  10%. This  average in situ 0 3  profile  and  the  selected 0 3  

discriminator  is  shown in Figure 2 along  with  the  average  in  situ 0 3  profile  from 40 to 20"s. The 

average in situ  profiles  for  these  regions  are  very  close to the 0 3  profiles  shown  in  Plate 14 for 
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the  more  extensive  measurements  combining  the  remote  and in situ 0 3  measurements.  These 

profiles  also  compared  well to the  average 0 3  profiles  obtained fkom ozonesondes  launched fkom 

Tahiti,  Fiji,  and  Samoa  during this field  experiment,  and  thus  for the purposes  of  air  mass 

identification,  the 0 3  discriminator was assumed  to be representative  of the background  or 

reference O3 profile  over  the  tropical  Pacific  during this experiment.  The  various  air mass types 

are  then  judged  against this reference 0 3  profile  with  additional  differentiation fiom an 

examination  of  the  aerosol  backscatter  levels  and PV amounts in these  air  masses.  The air mass 

categories  are  basically  the  same as was  used  in  our PEM Tropics A analysis  [Fenn  et  al., 19991. 

There  are  nine  categories  of air masses  that  were  identified  using this technique.  The air mass 

types  and  their  criteria  are: 

Reference  (REF):  Ozone  values within 20% of  reference  profile (RP) and  low 1R aerosol 

scattering  ratios (Sc0.2). 

Background  Plume  (BPLU):  Same  as  REF  except  with  enhanced  aerosols (S0.2). 

Near  Surface (NS): Air with high aerosol  loading  associated  with  boundary  layer. 

Clean  Pacific  (CP):  Ozone  more  than 20% below RP and S<0.2. 

Convective  Outflow  (CO):  Same as CP  except cirrus clouds  are in the  vicinity. 

High Ozone  Plume (HPLU): Ozone  more  than 20% above RP and S0 .2 .  

High  Ozone* (H03): Ozone  more  than 20% above Rp, SC0.2, and  amount Of 0 3  

attributable to stratosphere is <25%. 

High  Ozone  Mixture* (H03M): Same as H03 except the amount  of 0 3  attributable to 

stratosphere is 25-60%. 
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Stratospherically  Influenced* (SINF): Same as H03 except  that  the  amount Of 0 3  

attributable  to  stratosphere is >60%. 

*Note  that  in  the  calculation  of  the  amount of 0 3  attributed  to  the  stratospheric 

component it is assumed  that  the 0 3  in  the  lower  stratosphere  has  the  following 

approximate  relationship to PV: 0 3  [ppbv] - 4.2 x lPVl [ deg K m2  kg s 1. -1 -1 

All  of  the W DIAL observations  were  used to categorize  the air masses  for  each  flight  by 

geographic  location  and  altitude. An example  of  the air mass  characterization  done  for  the  first 

half  of  Flight 1 8 on 10- 1 1 April 1999 is presented  in  Plate 16. This is the  same  flight  where  the 

0 3 ,  aerosols,  H20,  and RH were  presented  for it in  Plate 8. In this case,  which  discussed 

previously  in  terms  of  the  observed  stratospheric  intrusion,  the air mass  classification  method 

identified  a  large  portion  of  the air above 2 km as  having  a  strong  stratospheric  influence (SINF). 

There  are  enhanced 0 3  regions  where  the  stratospheric  component  could  only  explain  a  moderate 

amount  of  the  enhanced 0 3  (H03M), and  a  few  small  regions  where  there  was  very  little 

stratospheric  contribution (H03). It is clear  that  the  relatively  low  resolution  PV  analyses  cannot 

be  expected to map  all  the  features  that  the DIAL system  can  observe,  and  thus  there  will  be 

some  unavoidable  misrepresentation  of air masses  between  these  groups  in  the  vicinity  of  highly 

structured  intrusions. Also seen  in this example  is air associated  with  cloud  convection  with  its 

associated  low 0 3  in  the  vicinity  of  cirms  clouds (CO), near  surface  air  up to about  3 km (NS), 

and  reference air (REF) predominantly  on  the  equatorward  side  of  the  intrusion. 

The  results  fiom  each  flight  were  grouped  together  into  averages  based  on  the  regions 

identified in Figure 1. Several  of  the  regions are the  same as the  regions  used  previously  in  the 

PEM  Tropics  A  field  experiment  [Fenn  et  al., 19991. This was  done to permit  more  of  a  direct 
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comparison  of  the  results  between  the  field  experiments.  Plate 17 presents  the  results  for  all of 

the  PEM  Tropics B regions.  The  contrast  in  the  air  mass  types  identified in the NH (CPNH  and 

EPNH)  compared to the  low  latitude  cases  (CPLL  and  EPLL)  is  readily  apparent.  There is a 

significant  amount  of  enhanced 0 3  that is not  attributed to stratospheric  influence (H03) in  the 

NH, and in the NH eastern  Pacific  the  amount  of  enhanced 0 3  associated  with  enhanced  aerosols 

increases  significantly  over  the NH central  Pacific.  There  is  some  contribution  from  the 

stratosphere in the  mid to low troposphere  over  the NH central  Pacific.  At  low  latitudes  over  the 

central  Pacific  (CPLL)  and  eastern  Pacific  (EPLL),  the  situation is about  the  same  with  the 

background or reference air dominating  the  distribution  below 10 km with  some  varying 

contributions  (up to -20%) from  convective  outflow of low 0 3  air and  enhanced 0 3  from 

photochemical  production (H03) and  from  a  mixture  of  photochemical  production  and  some 

stratospheric  influence (H03M). In  the  western  Pacific  low  latitudes  (WPLL),  the  amount of 

convective  outflow  of  low 0 3  (CO) into the  3 to 13 km region  is  a  major  factor  in  determining 

the  distribution of 0 3  in  the  mid to upper  troposphere.  The  mid  latitude  regions  are  very  similar 

between  the  central  Pacific  (CPML)  and  the  eastern  Pacific  (EPML),  and  the  stratospherically 

influenced  air (SINF) is contributing to the 0 3  budget  all  the  way  down to the  surface.  While  the 

SINF category  was  decreasing in frequency  with  altitude,  the  amount of H03M was  increasing 

to significant  levels,  which  also  indicates  that  there  is  still  some  stratospheric  influence  even 

though  it is has  been  more  mixed  with  tropospheric air. 

The  results  from PEM Tropics  A  [Fenn  et  al., 19991 show  a  dominant  influence of enhanced 

0 3  air masses (>60%) attributed to photochemical  production  (HPLU  and H03) at  mid  latitudes 

in  the  western  and  central  Pacific (WPML and  CPML).  These air masses  also  had  significant 

impact  (>30%) in the  mid  troposphere  even  at  low  latitudes.  Convective  outflow  of  low 0 3  air 
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from  the  Surface to 7 to 15 km was  frequently  observed  in  the  central  Pacific low latitude  case 

during PEM Tropics A, but  in  PEM  Tropics  B, this was  not  observed to occur as often.  This 

might  be  due to the  smaller  contrast  in 0 3  distribution  between  the  surface  and  the  upper 

troposphere  and an 0 3  discriminator  that  possibly  made  it  more  difficult to detect this type  of  air 

mass. 

The  average  composition  for  the  air  masses  south  of  the ITCZ is  presented in Plate 18 along 

with  the  average 0 3  profile  for  each air mass  type.  The  reference air mass  type  occurred  44-53% 

of the  time from 3 to 10 km and  the  average O3 profile  for  it  was  very  close to the  discriminator 

0 3  profile. This provided  added  support  for this air  mass  type  being  the  principal  component in 

this analysis. The balance  of  the air mass  types  in this region  were  mostly  distributed  between 

convective  outflow (CO), high 0 3  (H03), and  high 0 3  mixed (H03M) with CO more  prevalent 

in  the  upper  altitudes  and H03 and H03M more  frequently  observed  in  the  lower  free 

troposphere. As was  expected,  the  near  surface air dominated  the  air  mass  types  below  3 km, 

and  in  the  upper  troposphere  the  fiequency  of  observations of stratospherically  influenced  air 

(SINF) increased with altitude to the  average  tropopause  level  above 16 km where it was  more 

than 86% of  the  time.  There  were  few  observations  of  air  in  the  categories  of  aerosol  plumes 

with  background  levels of 0 3  (BPLU) or very low 0 3  air in free  troposphere  not  associated  with 

convective  outflow  (previously  called klean Pacific"  air,  CP).  The  average 0 3  profiles  for  the 

various  air mass types  shows  that  at  the  lowest  altitudes  in  the  free  troposphere (-1-3 km) the 

SINF and H03M categories  have  the  highest  average 0 3  levels  associated  with  them,  while 

above  about 7 km, the SINF category  has  the  highest  observed 0 3  levels.  The H03 and H03M 

categories  have  similar 0 3  profiles  above 6 km , while  below 6 km, H03 is comparable to HPLU 
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and NS at  even  lower  altitudes.  The  CO O3 profile  was  constant  at  about 17 ppbv fiom about 5 

to 13 km, and  CP 0 3  profile  was  similar to CO  with  it  decreasing to 5 ppbv  at  1 km. 

The  average  PV  profiles  for  each  air  mass  type is also  shown  in  Plate  18,  and SINF had  the 

most  PV  of all above 6.5 km with H03M having  slightly  more  than SINF below  that  altitude. 

All  of  the  other  main  categories  of air mass  types (REF, CO,  and H03) had  generally  PV<2 

except  for  the REF profile  above  9 km where  it  increased to PV-5 at 14 km. The  explanation  for 

this increase  could  be  that  the  reference  air  in  the  upper  troposphere  could  be  a  mixture  of  low 0 3  

air fiom an up wind  convective  outflow  with  some  stratospheric air that  would  bring  the  average 

0 3  within  the  limits of the  reference  air 0 3  discriminator.  For  example,  a  mixing of five parts of 

convective  outflow  air  with 03=1 7 ppbv  and  PV=2  with  one  part  of  stratospheric air with 

@=lo5 ppbv  and  PV=25  would  produce air falling  into  the  reference  air  category  with 03=28 

ppbv  and PV4.9. Using  PV as a  discriminator  might  provide  insight into this  mixing  process, 

but  since  PV  does  not  have the resolution as the 0 3  and  aerosol  measurements  and  the ECMWF 

analysis is based  on  sparse  measurements  across  the  south  Pacific, this approach  would  be 

subject to even  more  uncertainties  than  the  current  method. 

5. Summary  and  Conclusions 

The  PEM  Tropics B field  experiment  provided  the  first  large-scale  characterization of air 

masses  over  the  remote  Pacific  Ocean  during  the  austral  late summer to early  fall.  The 

simultaneous  measurements of 0 3 ,  H20,  aerosols,  and  clouds  across  the  troposphere  along  the 

flight  track of the  DC-8  aircraft  allowed  for  the  more  complete  investigation  of  the  remote 

troposphere  over  the  Pacific  than  had  been  done  before. This field  experiment  was  conducted 
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during  a  time  of  low  biomass  burning  in  the SH, and  these  results  provide  an  important  contrast 

to the  results  of  PEM  Tropics A which  was  conducted  in  the  austral  late  winter to early  spring 

when  biomass  burning  was  widespread  in  the SH. In PEM  Tropics B there  was  considerably  less 

0 3  than  was  observed  during  the  biomass  burning  period  of  PEM  Tropics A. The  air  mass 

characterization  for  PEM  Tropics A showed a large  incidence  in  the H03 category (>60%) in  the 

lower  troposphere  of  central  Pacific  low  latitudes  compared  to  less  than  24%  in  PEM  Tropics B. 

This was  a  direct  result  of  long-range  transport  of  photochemically  produced 0 3  from  Afiica  and 

possibly as far  away as Brazil. 

The  low 0 3  observed  in  PEM  Tropics B was  primarily  confined  to  the  region  between  the 

ITCZ to the  north  and  the  SPCZ  to  the  south,  and  this  was  associated  with  an  easterly  air  flow 

across  the  Pacific  of  very  moist air that  progressively  experience  chemical 0 3  loss  into  the 

western  Pacific  where  the 0 3  levels  were  found to be  the  lowest  throughout  the  troposphere  from 

4 0  ppbv  near  the  surface to <20 ppbv  at 12 km. The 0 3  was  negatively  correlated  with H20 

across  this  region  and  when  compared  to  the NH air  to  the  north  of  the  ITCZ  which  had  higher 

0 3  but  lower Hz0 than  the  tropical  Pacific air to the  south.  The NH air  also  had  more  cases  of 

enhanced  aerosols  in  plumes  in  the  free  troposphere  than  did  the  tropical  Pacific  air.  The 

contrast  in 0 3 ,  H20, and  aerosols  these  air  masses  was  seen  on  all  flights  that  crossed  the  ITCZ. 

Much  like  the NH air to the  north of the  ITCZ,  the SH air  to  the  south  of  the  SPCZ  had  higher 0 3  

and  generally  lower H20 than  the  tropical  Pacific  air  north  of  the  SPCZ.  The  Asian/North 

American  origins  of  the NH air and  the AustraliadAfiican origins  of  the SH air are in contrast to 

the  relatively  slow  easterly  flow  of  tropical  Pacific  air  that  has  not  had  continental  influences 

from  South Americdcentral America  for  many  weeks. In the  tropical  Pacific  air,  the  conditions 

are  there  for  photochemical  loss  of 0 3  (no  continental  pollution  sources,  high H20, and  high 
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solar  insolation),  and  this is what  was  observed  with  an  average  profile  of 0 3  in  the  region  fiom 

12 ppbv  at 1 km to -28 ppbv  at 7 km and  then  relatively  constant  to  above 1 1 km. 

Since  there  was  no  SPCZ  during  the  season  of  PEM  Tropics  A  and  there  was  extensive 

biomass  burning  that  was  taking  place  in  A&ca  and  other  countries  up  wind  of  the  south  Pacific, 

the  resulting  influence  of  continental  sources  on  the  remote  tropical  Pacific  was  much  greater 

than  during  PEM  Tropics B. The  blocking  of  the  westerly  flow  due  to  the  SPCZ  enables  the 

south  Pacific to have  a  much  larger  influence  of  the  easterly  flow  in  the  tropical  Pacific. A 

comparison  of  the  average  latitudinal  and  longitudinal 0 3  distributions  for  PEM  Tropics  A  and B 

provides  clear  evidence  of  the  differences  in  the  flow  conditions  and  chemistry  between  the two 

seasons.  The  latitudinal  and  longitudinal  variations  of  the  tropopause  level  can  also  be  seen  in 

the 0 3  distributions  for  the two missions.  Stratospheric  intrusions  were  observed  during  both 

seasons  with  contributions to low  latitudes (-20's) in  some  cases.  The  average of the  observed 

intrusions  also  contributes to the  latitudinal  structure  of  the  tropopause  and 0 3  in the  upper 

troposphere  in  the  subtropics  to  mid  latitudes. 

Air mass  characteristics  were  determined  for  seven  regions  over  the  Pacific.  Nine  air  mass 

types  were  identified  for  PEM  Tropics B based  on  their 0 3 ,  aerosols,  clouds  and  PV 

characteristics.  The  data  fiom  each  flight  was  categorized as to  the  identified  air  masses,  and 

these  results  were  binned  with  altitude  in  the  seven  regions.  The NH air in the  central  and 

eastern  Pacific  had  significantly  different  properties  than  the SH air  south  of  the  ITCZ.  The 

majority of the  air  masses  in  the NH were  associated  with 0 3  enhanced  air  in  aerosol  plumes  or 

in  low  aerosol air not  associated  with  stratospheric  intrusions. This is  consistent  with  the  ten-day 

back  trajectories  that  go  back  to  Asia.  The  low  latitudes  across  the  Pacific  have  mostly  low 0 3  

levels  associated  with  the  reference  or  background  air  and  even  lower 0 3  associated  with 
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convective  outflow  and  very  low  "clean  Pacific"  air. At mid  latitudes  the  stratospheric  influence 

becomes  stronger  with  intrusions  and  the  subsequent  mixing  of  stratospheric  and  tropospheric  air 

in  various  proportions.  The  altitude  dependence  of this observed  process  was  also  determined. 

The  average  composition  for  the  SH  air  south  the  ITCZ  was  found  to  be  dominated  across  the 

mid  troposphere  by  the  reference  air (45-50%) which  has  a  low 0 3  profile e 2 8  ppbv)  to 15 km. 

Convective  outflow  of  very  low 0 3  air  from  the  surface,  air  with  enhanced 0 3  due  to 

photochemistry,  and  air  with  enhanced 0 3  due  to  a  combination  of  photochemistry  and 

stratospheric  influences  were  found to be  in  comparable  amounts (1 520% each)  across this same 

region.  Average 0 3  and  PV  profiles  were  determined  for  each  of  the  dominant  air mass types, 

and  these  were  discusses  with  respect to their  contribution to determining  the  observed  chemical 

composition  of  the air masses  across  the  Pacific. 
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Figure 1. Map of PEM-Tropics B DC-8  flight  tracks  from 19 February to 18 April 1999 with 

flight  numbers  marked  and  regions  used  in  air  mass  characterization  investigations:  Central 

Pacific  Northern  Hemisphere  (CPNH),  Eastern  Pacific  Northern  Hemisphere  (EPNH), 

Western  Pacific  Low  Latitude  (WPLL),  Central  Pacific  Low  Latitude  (CPLL),  Eastern  Pacific 

Low  Latitude  (EPLL),  Central  Pacific  Mid  Latitude  (CPML),  and  Eastern  Pacific  Mid 

Latitude  (EPML). 
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Figure 2. Average  in  situ  ozone  profiles  measured  over  mid-Pacific  during PEM- 

Tropics B in  the low (10's to 10%) and  mid (40's to 20's) latitude  ranges.  Ozone 

profile  used as the  discriminator  in  the  air  mass  characterization  investigation is also 

shown. 
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